For the dynamical analysis soil and structure can be investigated by decoupled structural models. The horizontal layer system of the soil is modeled as a shear beam while for the structure a flexural beam is used Both models will be finally coupled by elastic foundation.
INTRODUCTION
For an earthquake resistant design usually the following verifications have to be carried out:
(1) Stress and strain in longitudinal direction of the.structure, due to the earthquake waves which are travelling through the soil
The structure has to follow the displacements of the soil, this yields to bending moments, shear forces and axial forces in longitudinal direction. In cas~ of joints, the movements of the joints has to be determined to design the joint -construction.
(2) Stress and strain in transverse direction of the s~ructure, due to the reduced internal friction of the soil.
Depending on the vibrations the internal friction of the soil can significant decrease up to zero. This effect is called [1} "soilliquifaction,..
Since soil and structure move largely together, for the calculation in transverse direction the assumptions of the "earth pressure at rest" considering the actual internal friction can be used. 3. GENERAL ASSUMPTIONS Mass distribution and stiffness of the structure does not effect the vibration behaviour of the soil-it is therefore sufficient to investigate as a first step only the dynamical response of the soil.
NOTATIONS
The deflections of the soil due to an earthquake can be analysed by using the wave propagation theory. The ·corresponding vibration model of the soil is assumed as a infinite horizontal layer system. Only shear wave effect h'as to he taken under consideration.
Stress and strain of the structure are then analysed by the assumption that the structure follows the movements of the soil with only small relative dellections between soil and structure.
DYNAMICAL ANALYSIS OF THE SOIL
Dynamical phenomenons in the soil can be described by the theory of wave propagation in a half space.
Two grbups of waves have to be distinguished -Body waves -Surface waves
In the group of the body waves (see Fig.l )we knoW shear waves respectively S-Wave and compressional waves respectively P-Wave and in the group of the surface waves we distinguish RayleighWave and Love-Waves. The influence of the surface waves is limited of a relatively small area. For the followi!>g design suggestion surface waves are therefore neglected.
In case of shear-waves, soil particles move perpendicular to the wave propagation. The cor- This means that S-Waves and P-Waves do not affect the structure at the same time.
On the other hand the movements, cOrresponding to the shear waves are much bigger as in case of compressional waves.
For practical investigations it is therefore sufficient to consider only shear wave effect~
The differential equations of the ..JVave propagation [4] in a solid body can be found by the equilibrium of the d' Alembert forces (Fig, 2) a2..
• a• ..
In equations (4.1) and (4.2) c, and cp means the shear wave velocity and the compressional wave velocitY c,=~
) is a solution of (4.1). In this expression the wave length An can be substituted by An = c,j In·
To describe the complete shape of the shear wave we have to determine a displacement vo,n.
and a frequency In·
To calculate the displacement and the frequency caused by shear deformations, the soil can be modeled as an infinite layer system [2, 3] For the dynamical analysis (Fig.4 ) the response spectrum method may be used, provided that a spectrum for the bedrock of the layer system is available. The acceleration of a certain mode is found by the following, well known expressions.
an= if>nf nSa(/n, Dn)
{4.8)
an Vo,n = _( 2 •'fn) 2 {4.9)
STRESS RESULTANTS
Stress and strain of the structure are then analysed under the assumption that the structure follows the displacements of the soil.
This means, that .the dellection curve of the structure is equal to the shape of the wave. Soil structure interaction has no significant influence on the vibration behaviour of the slender structure.
In case that the wave propagates in the same direction (Fig.5) as the structure (a= 0), the stress resultants are found from the product of the bending stiffness of the structure and the corresponding derivati()ns of the shear wave disp~acements.
~ Wave-front 
{5.4)
The so far described method works under the <tssumption, that the elastic foundation between soil and structure is stiff enough, that there occur no relative displacements between soil and structure. Soil-structrure -interaction is of minor influence.
The relation between the displacement of the soil and the displacement of the structure (Fig, 6 ) can be estimated by the following equation This equation is derived by imposing the soil a statical sinns shaped deflection and the distribution of the bedding forces are also sinus shaped.
With this equation the influence of higher modes can be estimated very easyly.
Higher frequencies yield to a shorter wave length. For ratios >./ L less than 3 the displacement · of the structure is less than 20%. In this case the soil displacement will not be transmitted on the structure. The strUcture remains in rest.
The stress resultants can be significant reduced and influenced by the arrangement of joints.
In a joint. the bending moment vanishes while shear forces usually can be transmitted by the joint construction.
The influence of joints can investigated by using a beam on elastic foundation. H for instance the distance of the joints is a quater of the wave length (see Fig. 7a ) we will find the reduced stress resultants by superponing the systems (4.1) and (4.2) .
With the diagrammas of Fig. 7 (b) and (c) the reduction factors for bending moments 'IM and for the shear force at the joint 1'/Q can be found. The corresponding parameters are the wave length the characteristic length L and the distance t between the joints. The calculation may be carried out by the following steps:
(1) Calculation of the stress resultants of an infinite structure and for the individual modes ace. to chapter 4 and 5
Modes with a ration >./ L less than 3.0 may be neclected 9 (5.7)
L~v(E.nB The movements of the joints can be rough estimated by the following equations (see Fig. 8 
